The effects of nutrient solution composition and plant growth retardants on tulip growth and flowering were studied using hydroponics. Plants were grown with 10.7, 14.3 or 17.9 meq/L N, each with 3.9 meq/L K. The fourth treatment consisted of 12.1 and 5.1 meq/L N and K, respectively. Two plant growth regulators, paclobutrazole and uniconazole, were also studied by bulb injection. For 'Ile de France', days to flowering was accelerated by nitrogen levels above 14.3 meq/L as compared to lower levels and the length of the first internode was slightly increased by nitrogen levels above 12.1 meq/L. Flowering time of the cultivar 'Golden Apeldoorn', responded in the same manner, that is, higher nitrogen concentrations accelerated flowering. In 'Golden Apeldoorn', the lengths of the first, second and third internodes were not significantly affected by nutrient composition. But, the length of the last internode, total stem length and tepal length were decreased by the highest nitrogen level. In 'Ile de France', the length of the first and total internodes was somewhat retarded by uniconazole treatments as compared to non-treated controls. For 'Golden Apeldoorn', regardless of plant growth retardant, days to flowering was accelerated by 17.9:3.9 meq/L N:K treatment. Generally, the lengths of the first, second, third and last internodes were decreased by uniconazole treatments, but flower size (tepal length) was not affected.
INTRODUCTION
Until recently, most cut tulips have been forced in a soil-containing system. Hydroponic production of cut tulips has been driven because of unbalanced problems of soil nutrient management and the need to consider pathogenic diseases that occur in soil. Hydroponic culture is clean, soil-free, and allows close control of the root zone environment (temperature, oxygen, nutrition, salinity, etc.) . It also allows unique application of plant growth regulators, as needed (Suh et al., 1992) .
De Hertogh et al. (1978) reported that N and Ca are essential to produce cut tulips. Similarly, De Marco and Phan (2003) reported that to obtain a high quality crop and maximal productivity, it is necessary to optimize the levels of nutrients (i.e. PO 4 3-, NO 3 -, K + , etc.), which are employed continuously at all stages of hydroponic culture. But calcium deficiency is often a problem during hydroponic forcing of tulips (Klougart, 1980) , with symptoms such as flower abortion (Klougart, 1980) and scape topple (Algera, 1968; Hoogeterp, 1979; Igarashi et al., 1981; Klougart, 1980) .
The main aim of this research was to study the effect of nutrient composition and plant growth regulators on growth and flowering in hydroponic production of cut tulip.
MATERIALS AND METHODS

Plant Material
Bulbs of Tulipa 'Golden Apeldoorn' and 'Ile de France', 10-12 cm in circumference, were purchased from a commercial grower in Onyang, Korea on Sept. 
Nutrient Solution Composition
Four hydroponic solutions, varying in N and K were used (all N:K, meq/L each): 10.7:3.9, 12.1:5.1, 14.3:3.9 and 17.9:3.9 . Each solution contained the same macro element (P:Ca:Mg = 3.0:8.4:4.0 meq/L) and micro element (Fe:3.0, Mn:0.5, B:0.5, Zn:0.25, Cu:0.03, Mo:0.05 mg/L) concentrations.
Nutrient solution was irrigated for 10 minutes, 12 times per day. Nutrient solution was exchanged every 2 weeks. The pH and EC of the nutrient solution were controlled to 6.5-6.7 and 1.3-1.4 mmho, respectively.
Paclobutrazol and Uniconazole Treatments
The bulbs were injected with 1 ml paclobutrazol or uniconazole solution (0.1 or 1.0 mg/L concentration of each) into the space between inner and middle scale and injections was applied to the bulbs in 2 weeks after planting.
Culture
Bulbs were planted in a greenhouse where the temperatures were maintained at 20±1°C (day) and 15±1°C (night). They were cultivated in a circulating deep flow system after planting into 50 cell plug trays
Data Collection
At flowering, days from planting to flowering, length of each internode, total stem length and diameter of each internode were recorded.
RESULTS AND DISCUSSION
For 'Ile de France', days to flowering was accelerated by the 14.3:3.9 and 17.9:3.9 N:K treatments (Table 1) . Length of the first internode was somewhat increased by the three highest N treatments (Table 1) , but the length of the last internode and total stem length decreased by the hiehest N level used.
For 'Golden Apeldoorn', days to flowering was accelerated by the highest two nitrogen levels, as compared to the two lower levels ( Table 2 ). The lengths of the first, second and third internodes were not affected by nutrient solution composition, but the length of the last internode, total stem length and flower size (tepal length) were all decreased by the highest N level used.
According to these results, flowering was accelerated by application of high nitrogen concentrations, and length of the last internode and total stem length were decreased. These results are in agreement with those of Choi et al. (1997) .
In 'Ile de France', regardless of plant growth retardant injection, time to flowering was reduced by the highest N treatment (Table 3 ). The length of the first and total internodes was somewhat retarded by all uniconazole treatments as compared to non-treatment. At the rates used, paclobutrazol treatments were not effective in reducing stem growth. For 'Golden Apeldoorn', regardless of plant growth retardant, days to flowering was also accelerated by the highest N level used (Table 4) . Generally, the lengths of the first, second, third and last internodes were decreased by uniconazole treatments, but tepal length was not affected.
Mainly, growing and flowering response of tulip was influenced by nitrogen, even though effects depend on nutrient composition and cultivar (Suh et al., 2000) . However, tulip flowering was slightly affected by potassium and micro-elements in hydroponics.
Hydroponic forcing systems are becoming more important for production of high quality cut tulips, so further studies are required to optimize nutrient sources and concentrations for hydroponically produced tulips. 
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